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Disclaimer 

The contents of this report reflect the views of the author or authors who are responsible 
for the facts and the accuracy of the data presented herein. The contents do not reflect 
the official views of the North Dakota Department of Transportation or the Federal 
Highway Administration. This report does not constitute a standard, specification, or 
regulation. 
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EVALUATION OF FABRIC REINFORCED BACKFILL 
UNDER APPROACH SLABS 

Background 
A bump often develops at the ends of a bridge near the interface of the abutment 

and the embankment or if an approach slab is used, between the end of the approach 
slab and the embankment. Reduction in steering response, distraction to the driver, 
added risk and expense to maintenance operations, and reduction in a transportation 
agency’s public image are all undesirable effects of these uneven irregular transitions. 
A bump that is allowed to persist increases the chance of damage to the bridge deck 
from the dynamic impact of vehicles. These impact loads have been estimated to be 
four or five times larger than the static loads; “Hu, Y., T. Wu, C. E. Lee, and R. 
Machemehl, Roughness at the Pavement-Bridge Interface, Report No. 213-1F, Texas 
State Department of Highways and Public Transportation, Austin, Texas (August 1997) 
157 PP”. Damage to the bridge deck can also be caused by snow plows in the winter. 
In addition, the bump can cause damage to vehicles. 

The bump at the end of the bridge is a complex problem involving a number of 
components, including the natural soil on which the embankment and the abutment are 
built, the approach fill material, the foundation type used for the bridge abutment, the 
abutment type, the structure type, the bridge/roadway joints, the approach slab, the 
roadway paving, and the construction methods. The problem affects twenty-five 
percent of the bridges in the United States, approximately 150,000 bridges. Each year, 
the amount of money spent on this problem nationwide is estimated to be at least $100 
million. Survey results indicate that integral bridge abutments appear to be a special 
case where a bump is consistently created resulting from temperature cycles and the 
associated compression and decompression of the approach fill by the abutment wall. 
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Objective 

 The conventional method of constructing the embankment behind an abutment 
wall has not prevented the bump at the end of the bridge to any great degree.  
objective of this experimental feature is to build a better foundation under the approach 
slab that will eliminate the bump at the interface of the approach slab and the asphalt 
pavement.  See Figure 1 
 

 

Location 

 This experimental feature is located on the Burlington Separation Bridge Project 
NH-4-002(051)138.  ll be constructed on the approach end of the bridge in the 
eastbound lanes.  The approach slab on the bridge of the westbound lanes will be used 
as a control.  Appendix A.   

Figure 1    Proposed detail of experimental feature 
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Project History 

Traffic 

Year Pass>Car Trucks Total Flexible - Two Way 

Construction 1998 4,750 550 5,300 440 

Evaluation 1999 4,750 550 5,300 440 

Evaluation 2000-2001 4,800 600 5,400 505 

Evaluation 2002-2003 3,765 795 4,560 645 

ESALs 

Table 1 

NDDOT Roadway Information Management System (RIMS) Historical Data 

Year Thickness Type Width 

1979 Structure —Steel Culvert (33x22x326) 

1979 Grade 48' 

1979 84 feet c-c 

1980 8.0" Aggregate Base 42' 

1980 2.0" Hot Bituminous Pavement 120-150 30' 

1980 1.5" Hot Bituminous Wearing. Course 120-150 27' 

1992 1.0" Milling 24' 

1992 5.0" Hot Bituminous Pavement 120-150 28' 

1992 Finished Roadway Width 37' 

Table 2 
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Design 

 The design carries the select backfill at a 20:1 taper from the abutment all the way 
back until it intercepts the pavement section.  
form against the abutment and building what is essentially a retaining wall against the 
void form.  later washed away to leave a 3” to 4” void that will allow the 
abutment to move without affecting the select backfill.  
to be used and the select backfill is to be compacted in one foot layers.  
fabric is also required to be wrapped back on the sides with each foot of fill.  
system behind the abutment is also provided.  
 Design details showing the fabric reinforced backfill under the approach slab are 
located in Figures 2 and 3. They are also shown in Appendix B.  
feature was change ordered on to project NH-4-002(051)138. The change order 2p is 
located in Appendix B. 

 

 

Figure 2    Detail for Fabric Reinforced Backfill under the Approach Slab 
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Figure 3    Detail for Fabric Reinforced Backfill under the Approach Slab 

 

 
 
 
 
 
 
 
 



Although there is no typical drawing for the Control Section, compaction and 
density control for the Control Section was in accordance with Section 203.02 G of the 
Standard Specifications T-180. The embankment is placed in horizontal layers not 
exceeding 12 inches and compacted to the specified density before the next layer is 
placed. The soil layers are compacted to 85% of the maximum dry density as 
determined by AASHTO T-180. Soil moisture at the time of compaction shall be not less 
than the optimum moisture content and no more than 5 percentage points above 
the optimum moisture content. 

Construction 
Construction began on March 30, 1998 and was opened to traffic on October 27, 

1998. Ron Harris Construction removed the common excavation waste material over 
the Structural Plate Pipe (SPP) tunnel and rough graded the 20:1 taper section at the 
same time. The 20:1 sections were roughly graded for the approach and end slabs. 
Industrial Builders then excavated for the abutments and fine graded the 20:1 sections. 
Abutments were poured and grading was performed for the installation of the 4" 
drainage system. 

The drainage system was installed according to the plans. A 4" PVC perforated 
pipe was used and covered with size 4 drainage rock which was protected by D2 type 
geotextile fabric. The drainage rock that was used with the perforated PVC pipe was 
installed at the same time as the select backfill was installed. There was no way the 
drainage rock could be installed without bringing the select backfill up with it at the same 
time. The non-perforated PVC pipe lengths had to be adjusted to fit the existing slopes 
around each abutment. 

The following pictures show construction of the experimental section under the 
approach slab of abutment 1 of the eastbound Bridge. 
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Photo 1 – Tacking R1 fabric before placement of the next one foot of 
select fill. 

Photo 2 – Select fill placed over fabric wrap. 
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Photo 3 – Cutting void form for installation against abutment wall. 

Photo 4 – Asphalt meets approach slab of the control section. 
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A class 5 material was tested and met the requirement for select fill. The test 
worksheet is located in Appendix B. The 3" void material was not available in such 
small quantities and an alternate 4" void form was used. 

Geotextile fabrics were used to wrap the drainage system and in the select 
backfill. A D2 type filter fabric was used to wrap the 4" drainage system. R1 
reinforcement fabric was used to wrap each 1' lift of select backfill until the required 
height was reached. 

The approach slab was formed and poured over the experimental section at the 
same time as the bridge deck. The approach slab is 14" thick. Appendix B contains the 
concrete proportion design and compression test of a concrete cylinder for the approach 
slab. The roadway was paved with asphalt up to the approach slab. Photos were taken 
after the project was completed. Photos 4 and 5 show the approach slab of abutment 
4-westbound bridge (control section). Photo 5 shows that the slab is in good condition 
and that the joint looks good. 

Photo 5 – Approach slab meets bridge in the control section – Westbound Bridge. 
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Photo 6 shows a view looking west at the experimental approach slab of the 
eastbound bridge of the Burlington bridges. These bridges have been open to traffic for 
about one day. Photo 7 shows the beginning of the approach slab and surface tining. 
A slight dip was noticed where the asphalt meets the concrete, but appears not to affect 
the ride as observed from the side of the road. 

Photo 6 - Overview of experimental approach slab – Abutment 1 
Eastbound Bridge. 
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Photo 7 – Asphalt meets approach slab of the experimental section. 

Photo 8 shows where the approach slab on the left side of the photo meets the 
bridge on the right. 

Photo 8 – Approach slab of the experimental section meets the bridge. 
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An elevation survey was conducted of the finished experimental approach slab 
and transition. This is to aid in the annual evaluation of the experimental project. A 
copy of the survey is located in Appendix C. The elevation survey did not include the 
control section in 1998. 

Cost 
The experimental section required 4 feet of select backfill which is about 2.5 feet 

less than would have been used in a standard design. The following is a break-down of 
the costs of the experimental section approach slab and a control or a conventionally 
built approach slab. 

Abutment 1 - eastbound bridge entrance approach slab (Experimental Project) 

Select Backfill (4 feet @ 20:1) = 337.7 CY x $12/CY $ 4,052.40 
Underdrain Pipe - PVC Perforated - 4in = 68 LF x $14/LF $ 952.00 
Underdrain Pipe - PVC Non-perforated - 4in = 54 LF x $14/LF $ 756.00 
Cost of fabric, extra drainage rock and void form $ 5,327.14 
Cost subtracted for failing fabric $ -735.15 
Total $ 10,352.39 

Abutment 4 -westbound bridge entrance approach slab (Control) 

(5.5' depth @ 20:1) Select Backfill = 474.8 CY x $12/CY $ 5,697.60 
Underdrain Pipe - PVC Perforated - 4in = 68 LF x $14/LF $ 952.00 
Underdrain Pipe - PVC Non-perforated - 4in = 47.5 LF x $14/LF $ 665.00 
Total $ 7,314.60 
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Five Years and Final Evaluation 
The test and control sections were visited on 11/23/99, 12/06/00, 11/15/01, 

11/20/02, and 10/03/03. The asphalt roadway was chip sealed in 1999. This chip seal 
added a little height to the roadway and made the slight bump where the asphalt meets 
the approach slab more severe. 

During the summer of 2000, a contract project to mill bumps at bridges included 
this experimental section. The milling improved the general overall ride but did not 
completely remove the bump. Photo 9 shows that in the cold winter months a 1 inch 
gap opens up between the asphalt and approach slabs. A tape measure can be 
inserted to a depth ranging from 6 to 12 inches. 

Photo 9 – Winter 1999 gap opening of 1 inch between asphalt and 
approach slab in the Control Section WB. 

Photo’s 10, 11, and 12 from years 1999 and 2000 show conditions that existed including 
bumps, gaps, and sealant failure. 
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Photo 10 – Experimental Section 1999 EB - asphalt to approach slab -
dip. 

Photo 11 - Seal failure - EB adhesion loss and punched down 1999. 

This bump in the eastbound experimental section where the asphalt meets the 
approach slab has been getting worse each year. Photo’s 12 and 13 were taken in 
November of 2001. The approach slab receives a dynamic load each time a loaded 
truck hits it at highway speeds. This puts a lot of stress on the approach slab. 
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Photo 12 – Shows drop from asphalt to approach slab in the 
outside wheelpath of the experimental section of approximately ¾ 
inch. 

Photo 13 – Between wheel paths of driving lane – 1 ½” drop 
from asphalt to approach slab. 
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The approach slabs are settling as shown in photos 14 and 15. This measurement is 
taken at the end of the wing wall which is 14 feet from the abutment wall or 4 feet from 
the beginning of the approach slab. 

Photo 14 – 1 3/8” drop from wingwall to approach slab. 
Experimental section Rt. 

Photo 15 – Experimental section Lt. Side – or Passing lane 
side, the guard rail bolts show stressing at the wingwall due 
to settling of the approach slab. 

North Dakota Department Of Transportation 17 Materials and Research Division 



An elevation survey was conducted in 1998 on the test section (EB) beginning at 
the bridge and continuing 100 feet back into the asphalt pavement. 

The control section (WB) was included in the elevation survey in 1999. The 
difference in elevation at each location was determined from 1999 to 2003 data. The 
elevation data is located in Appendix C. These changes in elevation are shown in the 
following graphs. Notice that the drop in elevation in the eastbound roadway or 
experimental section is slightly less than the drop in the control section. The data 
averaged for years 1999, 2000, and 2001 show a decrease in elevation of 2.5” for the 
control and 1.6” for the experimental section. The average elevation decrease figured 
for 2002 and 2003 was 1.6” for the control and 3” for the experimental section. 

Elevations are measured at five points across the roadway, 18 feet left of 
centerline, 12 feet left of centerline, centerline, 12 feet right of centerline, and 22 feet 
right of centerline. These five points have been graphed and are shown as follows. 
Overall, the experimental section has not prevented the bump from occurring at the end 
of the approach slab. The graphs show about a 1% difference in elevation drop 
between the experimental section and the control section. This was the difference as of 
June 2003. It must be pointed out that these elevation differences between the control 
and experimental sections keep changing due to maintenance patching to smooth the 
ride. 
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Elevations for the control section were not collected in 1998. The graphs show 
that both sections, the experimental section and the control section, was consolidating 
up to the year 2000. The eastbound experimental section at all 5 points shows very 
little change in elevation from 2000 to 2001 except at the approach slab/asphalt contact. 
The control section is still showing consolidation at all 5 points. 

In the experimental section, eastbound bridge, the asphalt is slightly higher than 
the concrete approach slab. This sudden change in elevation causes dynamic impacts 
by heavy vehicles and may be part of the reason it is still consolidating in 2001. 

Mud Jacking Approach Slabs 
The experimental feature to build a better foundation under the approach slab that 

would prevent the bump at the approach slab/asphalt pavement interface, has not been 
successful. The NDDOT thus included this experimental project in a contract to repair 
bridges and box culverts in 2003. The work included lifting the north and south 
approach slabs of the twin structures. The mud jacking was to lift the slabs to their 
original positions. 

The 5 cross-section points of each section were plotted for comparison in graphs 
6 through 19. The data representing 2003 is before mud-jacking and 2003A is after 
mud-jacking. 
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ND 98-06 Cross Sections - EB 
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ND 98-06 Cross Sections - EB 
Experimental-40 Feet North of Approach Slab 

84.0 

84.5 

85.0 

85.5 

86.0 

86.5 

18 12 Centerline 12 -RT 22 -RT 
Feet 

E
le

va
tio

ns
 

1998 1999 2000 2001 2002 2003 2003A 

LT LT 

Graph 12 

ND 98-06 Cross Sections - WB 
Control - 40 Feet South of Approach Slab 

80.5 

81.0 

81.5 

82.0 

82.5 

18 12 Centerline 12 -RT 22 -RT 
Feet 

E
le

va
ti

o
n

s 

1999 2000 2001 2002 2003 2003A 

LT LT 

Graph 13
 

North Dakota Department Of Transportation 25 Materials and Research Division 



ND 98-06 Cross Sections - EB 
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ND 98-06 Cross Sections - EB 
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ND 98-06 Cross Sections - EB 
Experimental-100 Feet North of Approach Slab 
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Summary 
Spreading and compacting asphalt so it is level with the concrete approach slab 

is difficult. In this case, the asphalt after construction was slightly higher than the 
approach slab. The performance evaluation is based on the decrease in elevation over 
time. 

The cross-section graphs show that roadway consolidation is still taking place in 
the control section; whereas the experimental section has stopped consolidating with 
exception to one location. The existing bump or dip in the experimental section at the 
approach slab/asphalt contact results in the application of dynamic load to the concrete 
approach slab by heavy vehicles. This dynamic loading may be contributing to the 
settlement at this interface. 

The data averaged from the evaluation surveys conducted in 1999, 2000, and 
2001 indicate that the average decrease in elevation was 2.5” for the control and 1.6” 
for the experimental section. The 2002 and 2003 evaluations show a decrease in 
elevation from the original to be 1.6" for the control section and 3" for the experimental 
section. 

This experimental feature to build a better foundation under the approach slab 
that would prevent the bump at the interface of the approach slab and asphalt 
pavement, was not successful. The mud jacking of the approach slabs restored the 
slabs near their original elevations. Graphs 20 and 21 show the original approach slab 
elevations near the asphalt pavement interface for both eastbound and westbound 
bridges. 
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ND 98-06 Cross Sections - WB 
Control-Approach Slab/Asphalt 
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Graph 21 

Recommendation 

It is questionable whether the method used on this bridge project of constructing a 
bridge approach slab and embankment is the appropriate method to use to try and 
prevent the bump at the interface of the approach slab and embankment. 

It is recommended that whatever method is selected for constructing the embankment 
behind the abutment wall, that emphasis be placed on compaction. Compaction seems 
to be the leading component attributing to the bump at the approach slab and roadway 
interface. 

A better approach may be to wait a few years to construct the approach slab in order to 
allow time for settlement or equalization of embankment pressures. 

Good planning and close attention to construction of the interface between the roadway 
and approach slab will better ensure a smooth transition. 
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